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doi:10.1016/j.pedneo.2011.11.015Congenital central hypoventilation syndrome (CCHS) is a rare condition. The main character-
istic is respiratory insufficiency during sleep. Patients who have CCHS need varying degrees
of ventilation support during sleep, or even all day long, according to its severity. We report
a term baby with repeated extubation failure, CCHS and Hirschsprung’s disease diagnosed at
1 month of age. This patient was discharged at 5 months old with a home ventilator and
reached normal developmental milestones.
Copyright ª 2012, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Congenital central hypoventilation syndrome (CCHS) is
very rare. It is characterized by cyanosis that occurs only
during non-rapid eye movement sleep and is a result of
insensitivity to hypoxemia and hypercapnia. The associated
symptoms include: dysregulation of the autonomic nervous
system, Hirschsprung’s disease (HD) and tumors of neural-
crest origin. Hirschsprung’s disease (HD) often causesf Pediatrics, Mackay Memorial
hangsha Street, Taiwan.
org.tw (L.-C. Huang).
an Pediatric Association. Publishbowel obstruction because of the congenital absence of
ganglion cells in the enteric nervous system. Study has
shown that the PHOX2B gene is a candidate gene in CCHS.
This syndrome can be diagnosed only by excluding other
primary diseases, and occurs not only in newborns and
children but also later in adults. We report a full-term baby
with concurrent CCHS and HD with early diagnosis and
hospital discharge.
2. Case Report
A full-term male infant with an uncomplicated vaginal
delivery was transferred from the Gynecology anded by Elsevier Taiwan LLC. All rights reserved.
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cyanosis. The 40-week baby, born to a gravid 2, para 2
mother, weighed 3550 g. The Apgar score was 9 at 1 min
and 10 at 5 min after birth. All prenatal examinations were
normal. Empirical antibiotics were given after a complete
septic workup including blood, urine and cerebral spinal
fluid culture. None of the cultures showed evidence of
bacteria. Because of frequent apnea and desaturation with
CO2 retention, the patient was intubated on Day 3. Satu-
ration was maintained well when he was awake, but while
asleep, he had cyanosis and was completely dependent on
the ventilator. Extubation repeatedly failed because of
hypoxia and hypercapnia (PaCO2: 133.4 mmHg). There were
no remarkable findings on chest radiography. A permanent
tracheostomy was performed for long-term ventilator
support after rigid ventilation bronchoscopy showed nega-
tive findings on Day 22 after admission.
The patient also experienced delayed initial meconium
passage 24 h after birth, with marked abdominal distension.
Dilated small-bowel loops with barium retention were
found on plain abdomen film. A pediatric surgeon was
consulted to perform a sigmoid loop colostomy and intes-
tinal biopsy on Day 22 after admission. Absence of ganglion
cells in the rectum noted in the pathology report confirmed
the diagnosis of Hirschsprung’s disease.
No abnormalities were found in the chest radiograph,
electrocardiogram, echocardiogram, brain computed
tomography and neurologic examinations. Tests for inborn-
error disease found no abnormalities. CCHS was strongly
suspected because of cyanosis occurring only during sleep
and dysregulation of the body temperature. CCHS was
diagnosed from mutation in the PHOX2B gene, with 26
repetitions, by genetic testing at the Department of
Medical Genetics, National Taiwan University Hospital, on
Day 30 after admission. The patient’s parents refused
further genetic study of other family members.
The patient was discharged at the age of 5 months after
optimization of the home ventilation settings. Members of
the community home health care system visited him once
a month, providing medical support and routine vaccina-
tion. The patient was readmitted twice, once for a sched-
uled operation to close the colostomy and once for
respiratory failure caused by viral infection. His develop-
mental milestones, including gross motor, fine motor and
social interaction, were normal at the last visit at the age of
6 months. He remained on a ventilator with tracheostomy
24 h a day, and no feeding problems have been found so far.3. Discussion
Congenital central hypoventilation syndrome, also called
Ondine’s curse, is a rare disorder affecting 1 per 200,000 live
births.1,2 Without correct diagnosis, the incidence might be
underestimated. The main characteristic of CCHS is alveolar
hypoventilation with insensitivity to hypoxemia and hyper-
capnia, most pronounced during sleep.3 Patients can breathe
well while awake, but cyanosis and apnea occur during
asleep.4 In this syndrome, respiratory and autonomic nervous
system dysregulation are often found, such as body temper-
ature dysregulation, diminished papillary light response,
esophageal dysmotility, feeding difficulties and lack ofproductionof fever.3,4 PatientswithCCHShaveahigher riskof
HDand tumors originating in the neural crest than the general
population. CCHS combined with Hirschsprung’s disease,
which is also called Haddad syndrome, was first reported in
1978 by Haddad et al.5 The frequency of HD with CCHS is
15e20%.1,6,7 Children with CCHS who receive mechanical
ventilation for 24 h a day are more likely to have HD as well.7
CCHS can be diagnosed only by excluding other causes of
hypoventilation, such as primary pulmonary, cardiac, or
neuromuscular disease, metabolic disease, or an identifi-
able brainstem lesion. It can be diagnosed in newborns,
children and also adults.7,8 Ramesh et al reported CCHS and
total aganglionosis in an extremely preterm infant.9
More than 90% of children affected by CCHS have an
expansion mutation of the 20-copy alanine stretch of the
PHOX2B gene. PHOX2B gene is a candidate gene in CCHS,
located on chromosome 4p12. The length of repetitions is
related to the severity of the CCHS. More than 90% of the
confirmed mutations occur de novo in CCHS patients.10 The
inheritance pattern for the remainder is autosomal-domi-
nant.11 In utero molecular genetic analysis of aminocytes
could help parents with a precise prenatal diagnosis of
CCHS in their offspring.12 It is important for the parents or
siblings of a child with CCHS to undergo genetic study of
PHOX2B because they may be at risk of hypoventilation
during sleep later in their lives.
Patients with CCHS need lifelong ventilation support
during sleep, either via a mask with positive pressure or
using invasive ventilator support. It is a recent trend to use
noninvasive ventilation support. For severe cases, whole-
day ventilator support may be needed.
Long-term outcome is the issue that most concerns
parents. Most children can attend school and have ordinary
childhood activities. Nineteen percent of CCHS children
may require special education, and a significant proportion
of them have to repeat a grade.7 Functional outcome in
terms of full-scale IQ in CCHS varies from the superior to
the deficit range in comparison with normal variation.3,13
The most serious complication of long-term ventilator
support is cor pulmonale.
In conclusion, CCHS with HD is rare and can be life-
threatening if diagnosis is not properly made. Patients with
CCHS may require lifelong ventilator support during sleep,
but they can still have a normal daily life with proper care.
Long-term financial and nursing supports are important
issues for these children and their parents. Future devel-
opment in home ventilators can be expected to make daily
life easier for these patients.References
1. Weese-Mayer DE, Shannon DC, Keens TG, Silvestri JM. Idio-
pathic congenital central hypoventilation syndrome diagnosis
and management. Am J Crit Care Med 1999;106:368e73.
2. Trang H, Dehan M, Beaufils F, Zaccaria I, Amiel J, Gaultier C.
French CCHS working group. The French congenital central
hypoventilation syndrome registry: general data, phenotype
and the genotype. Chest 2005;127:72e9.
3. Zelko FA, Nelson MN, Leurgans SE, Berry-Kravis EM, Weese-
Mayer DE. Congenital central hypoventilation syndrome: neu-
rocognitive functioning in school age children. Pediatr Pul-
monol 2010;45:92e8.
74 L.-C. Huang et al4. ChenML, Keens TG. Congenital central hypoventilation syndrome:
not just another rare disorder. Paediatr Respir Rev 2004;5:182e9.
5. Haddad GG, Mezza NM, Defendini R, et al. Congenital failure of
autonomic control of ventilation, gastrointestinal motility and
heart rate. Medicine 1978;57:517e26.
6. Croaker GDH, Shi E, Simpson E, Cartmill T, Cass DT. Congenital
central hypoventilation syndrome and Hirschsprung’s disease.
Arch Dis Child 1998;78:316e22.
7. Vanderlaan M, Holbrook CR, Wang M, Tuell A, Gozal D. Epide-
miologic survey of 196 patients with congenital central hypo-
ventilation syndrome. Pediatr Pulmonol 2004;37:217e29.
8. Cohen-Cymberknoh M, Shoseyov D, Goldberg S, Gross E,
Amiel J, Kerem E. Late-onset central hypoventilation pre-
senting as extubation failure. Isr Med Assoc J 2010;12:249e50.
9. Bajaj R, Smith J, Trochet D, et al. Congenital central hypo-
ventilation syndrome and Hirschsprung’s disease in an
extremely preterm infant. Pediatrics 2005;115:e737e8.10. Amiel J, Laudier B, Attie-Bitach T, et al. Polyalanine expansion
and frameshift mutations of the paired-like homeobox gene
PHOX2B in congenital central hypoventilation syndrome. Nat
Genet 2003;33:459e61.
11. Weese-Mayer DE, Berry-Kravis EM, Zhou L, et al. Idiopathic
congenital central hypoventilation syndrome: analysis of genes
pertinent to early automonic nervous system embryologic
development and identification of mutations in PHOX2b. Am J
Med Genet A 2003;123:267e78.
12. Rajendra GP, Kessler MS, Manning FA. Congenital central
hypoventilation syndrome (Ondine’s curse): prenatal diagnosis
and fetal breathing characteristics. J Perinatol 2009;29:
712e3.
13. Ruof H, Hammer J, Tillmann B, Ghelfi D, Weber P. Neuro-
psychological, behavioral and adaptive functioning of Swiss
children with congenital central hypoventilation syndrome. J
Child Neurol 2008;23:1254e9.
